formed was thicker than that formed urhen the Zr was deposited on 0.6-nm-thick SiO, (see Fig.2 ). This can also be seen in the XTEM image shown in Fig. 6 . These results mean that an interfacial oxide more than two monolayers thick must be used. The interfacial reaction mechanism was also explored by investigating the dependence of the silicate formation on the thickness of the Zft, overlayer The relation between the thickness of the interfacial silicate layer (estimated by XIEM) fonrred after re-oxidation and the initial thickness of the Zr layer (deposition time) is shown in Fig. 7 . It is clear that the silicate thickness increased with increasngZr thickness. Considering that there was no difference in the interfacial structure before re-oxidation (after Zr deposition), the change in the interfacial silicate thickness (see Fig. 7 ) cannot be explained simply by oxygen diffirsion through the ZrA, overlayer. We can therefore conclude that catalytic effects of ZrO2layers, such as the dissociation of oxygen molecules, play an important role in the interfacial reaction.
The thermal stability of the ZrOzlSi system [2] and the relation between the growth of high-k materials on Si wafers and the surface conditions of those wafers ftydrogenterminated or covered with native oxide) [3] were investigated systematically by using in-situ x-ray photoelectron spectroscopy CXI'S) and cross-sectional transmission electron microscopy (XTEM).
2. In-situ re-oxidation method Experiments were carried out by using a UHV-based multi-chamber system (Fig. l) Fig. 7 . It is clear that the silicate thickness increased with increasngZr thickness. Considering that there was no difference in the interfacial structure before re-oxidation (after Zr deposition), the change in the interfacial silicate thickness (see Fig. 7 ) cannot be explained simply by oxygen diffirsion through the ZrA, overlayer. We can therefore conclude that catalytic effects of ZrO2layers, such as the dissociation of oxygen molecules, play an important role in the interfacial reaction.
Conclusions
The results of this experimental investigation showed that oxygen diffision through ZrO2 causes silicate to form at the interface. This suggests that it is important to control residual oxygen pressure during device fabrication The dependence of the interfacial reaction on the thickness of the ZrOroverlayer suggests that this layer has a catalytic effect. 
